Abstract. Simultaneous in situ measurements of N20 and CH4 were made with a tunable diode laser spectrometer (ALIAS II) aboard the Observations from the Middle Stratosphere (OMS) balloon platform from New Mexico, Alaska, and Brazil during 1996 and 1997. We find different compact relationships of CH4 with N20 in the tropics and extra-tropics because mixing is slow between these regions. Transport into the extra-tropics from the tropics or the polar vortex leads to deviations from the normal compact relationship. We use measured N20 and CH4 and a simple model to quantify entrainment of mid-latitude stratospheric air into the tropics. The entrainment time scale is estimated to be 16 (+ 17, -8) months for altitudes between 20 and 28 km. The fraction of tropical air entrained from the extratropical stratosphere is 50% (+18%, -30%) at 20 km, increasing to 78% (+11%, -19%) at 28 km.
Introduction
Historically, long-lived tracers have been used to determine the large-scale circulation of the stratosphere because they are conserved during atmospheric motions that are fast compared to chemical production or loss. Brewer [ 1949] and Dobson [ 1956] utilized H20 and column 03 as passive tracers to infer that air enters the stratosphere at the tropical tropopause, is transported poleward, and returns to the troposphere at middle and high latitudes. More recently, CH4 and N20 have been studied because of their long photochemical lifetimes in the lower stratosphere, ranging from centuries at the tropopause to roughly 4 years and 1 year, respectively, at 10 hPa. Both gases are produced at the Earth's surface and photochemically removed in the stratosphere. CH4 is predominantly removed in the troposphere, but is nearly homogenized there by rapid mixing. for CH4 and N20, implying that they represented only smallscale motions [Ehhalt et al., 1983] . Therefore, plots of one tracer versus another should remove effects of small-scale dynamics, and can be used to infer larger-scale air motions.
Two tracers with long photochemical time scales relative to the time scale for quasi-horizontal mixing are said to be in "slope equilibrium," which means their functional relationship is independent of location along the surface of fastest mixing [Plumb and Ko, 1992] 
Balloon Observations of N20 and CH4
The Aircraft Laser Infrared Absorption Spectrometer II (ALIAS II) has measured in situ N20 and CH4 mixing ratios on flights of the Observations from the Middle Stratosphere (OMS) balloon platform from New Mexico (34øN, 104øW), Alaska (65øN, 148øW), and Brazil (7øS, 39øW). ALIAS II uses tunable diode lasers to measure N20 and CH4 by infrared absorption spectroscopy [Webster et al., 1994] At mid-latitudes, ALIAS II CH4 and N20 have a compact relationship at all altitudes measured (up to 30 km), in agreement with ATMOS. For N20 > 150 ppb, the JPL MklV interferometer [Toon, 1991 ] has measured similar CH4 and N20 at mid-latitudes (Fig. 1) 
Tropical Model
We now examine the tropical and mid-latitude ALIAS II data to determine entrainment time scales. For a given potential temperature, N20 and CH4 mixing ratios are considerably higher in the tropics than in the extra-tropics (Fig. 2) N20 and CH4 are modeled to estimate the time scale, rm, for entrainment of mid-latitude air into the tropics. Equation (1) is solved numerically for g at each 0 level and rm is varied to achieve the best fit with the observations. The two tracers can be reproduced over a wide range of 0 with a constant rm (Fig. 3) . 
